
c 3 Y$3!__ 

b-3?9 

IO.,li,.Be3HorHx , A.r .BoH4-0cMoJioacKHH, 

M .A.Boeaop;HH , J1 .0 .3HHOBbeB 

0 OOBMlliEHMH HHTEHCHBHOCTH 
nYqKA, YCKOPEHHOrO 
B CHHXPO«PA30TPOHE OHHH . 

J. 3KcnepHMeHTaJibHble pe3yJibTaTbl , 

OCHOBHbie npep;cTaBJieHHH 0 )J;HHaMH4eCKOM 

KYJIOHOBCKOM cp;BHre qacTOT KOJie6aHHH 

pg - 9115 

197!5 



t·; ' .. '. It, , , , 
,, 

"•',1· 

IO . .Dt.Be3HorMx, A.r .Bouq-OcMoJioBcKM~, 
M.A.Boeso~MH, Jl.fi.3MHOBbeB 

0 llOBMlliEHMU HHTEHCWBHOCTH 
nYqKA, YCKOPEHHOrO 

BCHHXPO~A30TPOHE OHHH. 

1. 3KcnepMMeHTaJibmhle pe3yJibTaT~, 
OCHOBH~e npe~CTaBJieHMB 0 ~MHaMMqecKOM 

KYJIOHOBCKOM c~BMre qacToT KOJie6aHM~ 

------··· 061.-.J.::I:::" · · ,...;; ·' 
I!;;;· , "' 

.\ '. · .. ·'·"·· i ...... li\. 
~~· .... >"">··-·-··~,.,.. 

P9 - 9115 



"I· -.·::'·) ' ~: 
~:_,;' ,:'' 

:>-. ;~ 
'•'\ 

' j: ~: 

'~ 
~-~::~ 

,--.1 

<0 1975 Otf .. e()uHeHHWil UHc•u•y• A()epHWX UCCJ1e()08GNUil Jly6HCJ 

I 

.Qonroe BpeMSI peweHHe npo6neMbl nOBbillleHHSI HHT9HCHB

HOCTH ycKopeHHOro ny'IKa B CHHXpo<IJaaoTpOHe 0l1.fll1 CTan
KHBanoCb C cepbe3HbiMH Tpy.QHOCTSIMH, KOTOpbie, C O.QHOA 

CTOpOHbl 1 6hinH o6yc .riOBneHbl cpaBHHTenbHO HH3KOA aHeprHeA 

HH>KeKUHH HH>KeKTHpyeMoro ny'IKa (9,4 MaB) H, c .QpyroA 

CTOpOHhi, HeCOBepweHC TBOM CHCT eM KOppeKUHH MarHHTHOro 

nonSI YCKOpHTenSI, 'ITO npHBO.QHnO K 6onbWHM noTepSIM '18C

THU Ha Ha'lanbHOM aTane ycKopeHHSI. Onpe.QeneHHhie coMHe

HHSI npH peweHHH aToro eonpoca Bbi3hieanHCb ewe H TeM, 

'ITO MarHHTHOe none CHHxpo<IJaaoTpOH8 no MHOrHM napaMeT

paM 6bmo .QaneKo oT coeepweHCTea. Kaaanocb, 'ITO npH 

CyUieCTBYIOUIHX reoMeTpH'IeC KH X HCK8>K9HHSIX M8rHHT8 

H3-38 HepaBHOMepHbiX BepTHK8nbHbiX npOC8.QOK KB8.Qp8HTOB 

H HX pa.QHanbHbiX nepeKOCOB BeCbM8 Tpy.QHO peWHTb npo6ne

My nOBbiW9HHSI HHTeHCHBHOCTH 6e3 TW8TenbHOA reo.Qe3H'IeC

KOA IOCTHpOBKH BCero MarHHT8 B uenOMo 

CHTy8UHSI KopeHHbiM o6paaoM H3MeHHnacb nocne aanycKa 

HOBoro HH>K9KTOp8 CHHXpo<IJa30TpOH8 Ha aHeprHIO 20 MaB 

H BBe.QeHHSI B C TpOA HOBOA CHCTeM bl KoppeKUHH M8rHHTHo

ro nonB. TiocneAYIOUiaSI aKcnepHMeHT81IbH8SI pa6oTa t:no no

BhiWeHHIO HHTeHCHBHOCTH H TeopeTH'IeCK8SI paapa60TK8 STOA 

npo6neMbl nOK838nH, 'ITO BOnpoc yny'IW9HHSI XapaKTepHCTHK 

MarHHTHOrO nonSI CHHXpO<IJ830TpOH8 MO>KeT 6hiTb .QOCT8TO'I

HO a<ll<lleKTHBHO peWeH BBe.QeHHeM H8 H8'18nbHOM STane 

ycKopeHHSI rH6KHX .QHH8MH'I9CKHX CHCT9M KOppeKUHH Be.Qy

Uiero M arHHTHoro nonSI ycKopHTenSI. 

TipoeeAeHHe aToro KOMnneKca pa6oT, BMecTe c ynyqwe

HHeM xapaKTepHCTHK HH>KeKTHpyeMoro ny'IKa, noaeonHno 

nO.QHSITb HHTeHCHBHOCTb ycKopeHHoro ny'IK8 B KOnbUe CHH

xpo<IJa30TpOH8 .QO 1,5.10 12npoTIHMn., T.e. 6onee 'leM Ha 

nopSI.QOK no Cp8BHeHHIO C HH.TeHCHBHOCTbiO, KOTOp8SI CyUieCT

BOBana B yCKOpH Tene C HH>KeKUHOHHbiM KOMnneKCOM ny -9. 
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1. 3Kc nepuMeHTanbHoe uccnenoaanue anuSJHHSJ 
npocTpancTaeuuoro aapgna ua orpauuqeuue 
HHT9HCHBHOCTH vCKOpeHHOrO ny'IK8 

MonepHH38UHff HH:>KeKTOpa nY-9 CHHXpo!J>a30Tpoua OlHB1, 
KoTopaH ohma npouaaeneHa a 1972 r., noaaonuna yaenH'IHTb 
oonee '19M B 10 pa3 'IHCnO '18CTHU, HH:>KeKTHpyeMbiX B KOnb
U9BYlO KaMepy yc KOpHT enH, EcTS:::TBeHHO obino O:>KHAaTb 
yaenH'I9HHff HHTeHCHBHOCTH YCKOpeHUOrO ny'IK8 B KOBUe 
UHKna ycKopenuH, Ho aKcnepuMeHTbi noKaaanu, 'ITO npu 
auepruu HH:>KeKUHH 9,4 MaB npocToe yaenuqeuue HUTeHCHB
HOCTH HH:>KeK~pyeMoro ny'IK8 He npHBOAHT K yaenH'I9HHlO 
HHTeHCHBHOCTH yc KOpeHHOrO ny'IK8 B KOnbUe CHHXpo¢aao
TpOH8, H xoTSJ c pocToM ToKa HH:>KeKUHH npoucxoAHT poeT 
qucna 'laCTHU, aaxaa'leHHbiX a ycKopeHue, a npouecce 
YCKOpeHHff COOTB9TCTB9HHO yaenH'IHB8lOTCSJ noTepH H K 

100 MC~K M8KCHM8nbH8SJ HHTeHCHBHOCTb Bb!XOAHT Ha ypOBeHb 
-10llnpoTIHMn. TaKHM o6pa30M, aKcnepuMeHTanbHO ohlno 

ycTaHoaneHO, 'ITO npeAenbH8ff HHTeHCHBHOCTb CHHXpo!J>a30-
TpOH8 OH.RH npu auepruu HH:>KeKUHH -9,5 MaB HSXOAHTCH 

Ha ypoaHe 10 llnpoTIHMn, EbinO BbiABHHYTO npeAnono:>Ke-
HHe, 'ITO CTOnb HH3KhH ypOBeHb npeAenbHOH HHT9HCHBHOCTH 
onpeAenSJeTCH nnoxuM cocTOHHHeM BeAymero MarHHTHoro 
nang yc KOpHTenH H, B '18CTHOCTH, HeCOBepWeHCTBOM CHCTe
Mbl KDppeKUHH aToro nang - P3MH-1 /I/- B H8'18nbHbiH MO
MeHT ycKopeHHH. 3To npeAnono:>KeHue Obino noATBep:>KAeHo 
aKcnepuMeHTanbHO npu H3MepeHHH noTepb nyqKa a npouecce 
ycKopeHHH. BbiHCHHnocb, 'ITO nocne Ha'lanbuoro ¢opMupoaa

HHH ycTOH'IHBoro crycTKa 'laCTHU noTepu npoucxoAHT (annoTb 
AD 100 MCeK YCKOpeHHS!) B OCHOBHOM B a;pTHKSnbHOM Ha
npaaneHH 11. 

8 CBSJ3H C TeM, 'ITO B 1974 r, HaMeqancg aanyCK HOBO
ro HH:>KeKTOpa ny -20 Ha aHeprHlO 20 MaB, HeOOXOAHMO 

obmo yny'IWHTb xapaKTepHCTHKH BeAymero MarHHTHoro nong 
ycKopuTenSJ, T.K. yaenuqeHHe aHepruu HH:>KeKUHH AD 20 MaB 
Morna TIOAHS!Tb npenenbHYlO liHTeHCiiBHOCTb, cornaCHO 1i3-
B8CTHbiM npeAcTaaneHHHM, acero nuwb a 1 ,5+2 paaa. 

noaTOMY Obina cnpoeKTiipOBaHa AOTIOnHifTenbH8ff CHCTeMa 
KoppeKUHH MarHuTuoro nong P3MH-2, KoTopag noaaonSJeT 

6onee ru6Ko ocymecranSJTb npocrpaHcraenuo-apeMeHHYlO 

4 

KOppeKUHlO noKaaaTenSJ Marnuruoro nonH "n "a Ha'lanbHbiH 
nepHOA ycKopeHHH ny'IKa, K MOMeuTy aanycKa HH:>KeKropa 
nY -20 uoaaSJ cucTeMa KoppeKuuu"n" obina uaroroanena. 

CiicTeMa P3MH-2 npeACTaanSJeT coooii KOMnneKc aneKT
poTeXHH'IeCKoro OOopyAOB8HHH, npeAH83H8'18HHbiH unSJ C03A8-
HHSJ nOKB8Ap8HTHOH 8KTHBHOH KOppeKUHU llOK838TenH 
MarHUTHOrO nonSJ. CucTeMa COCTOHT U3 26 rpynn npOBOA
HHKOB, yno:>KeHHbiX Ha noaepxHoCTH non10coa rnaauoro Mar
HUT a, 32 UMnynbCHbiX UCTO'IHHKOB TIUT8HHSJ C nporpaMMHbiM 
ynpaaneHHeM, aneMeHTOB HHAUK8UUU U KOHTpong /1/. Enaro
ABPH 6onbwoMy qucny npoaoAHUKOB, yAaeTCH perynupoaaTb 
0 no BCeH paoo'JeH oonaCTU ycKOpHTenbHOH KaMepbl, ¢opM8 

HapaCT8lOWero TOK8 B KOppeKTUpylOWUX npOBOAHUK8X pery
nupyeTCSJ oneparuauo u HaonlOAaeTCH Ha aKpaHe ocuunno
rpa!J>a. PaaAenbHOe aKnW'IeHRe ooMOTOK KoppeKuuu ua ueaa
aucuMbie Apyr OT Apyra UCTO'IHUKU TOK8 n03BOnSJeT C03A8Tb 
CiiCTeMy 83HMyTanbHOro U3M9H8HUH'o'ho BC8M 4 KB8ApaH
T8M CHHXpo!J>a30TpOH8 B OTnH'IUe OT CUCTeMbi P3MH-1. 
nnuTenbHOCTb UMnynbCHOrO TOK8 KOppeKUUH perynupyeTCSJ 
AO 200 MCeK u·apeMSJ ero A8HCTBUSJ npUXOAiiTCSJ Ha H8'18nb
HbiH aTan ycKopeHifH, KorAa B cuuxpo!J>aaoTpoHe uaoniDAaeT
CH H8HOOnbWUH TeMn ·,noTepb YCKOpHeMoro nyqKa, 

3anycK UH:>KeKTOpa nY-20 noaaonun, K8K U O:>KUASnOCb, 
yaenU'IHTb npeAenbHYlO UHT8HCUBHOCTb ny'IK8 B KOnbUe 
ycKopuTeng B 2 paaa H AOBeCTU ee, npu cymeCTBYlOWHX 
KoppeKUUHX ''it" oT cucTeMbi P3 MH-1, AO 2t-2,5x10 llnpoT/uMn 
(eM. puc. 1, KpuaaSJ 1). Dpu aToM , KaK u c MOAepuuau
poaaHHbiM UU:>KeKTOpOM ny -9, HaonlOAanOCb, 'ITO yaenuqeHHe 
BbiWe onpeAeneuuoro auaqeuu~.'lucna qacTuu, UH:>KeKTupye

MbiX B K~Mepy YCKOpUT eng, He BnlfSJ8T Ha KOHe'IHylO HHTeH-
C HBHOCTb ycKopeuuoro nyqKa. Ebmo TaK:>Ke oTMe'leHo, 'ITO 
KOHe'IH8ff UHTeHCUBHOCTb YCKOpeHHOrO ny'IK8 cnaoo 38BHCUT 
oT pe:>KHMa UH:>KeKuuu. B pe:>KuMe UH:>KeKUHH 6ea paarpynnu
poaaTenSJ ( nonHbiH HMnynbCHbiH pa3opOC '18CTHU B UH:>KeK

TupyeMOM ny'IKe cocTaangn npu aToM t\p I p = :!:,.0,7%) AO
CTU:>KeHue KOHe'IHOH UHTeHCUBHOCTH 2,5.10 npoT/uMn, He 
Tpeooaano TwaTenbHOH HacTpOHKH ycKopuTenSJ. B pe:>KuMe 
HH:>KeKUHH c paarpynnupoaaTeneM (no 6ea MOAynHuuu auep
ruu HH:>KeKTHpyeMoro ny'IKa) nonyqeaue TOH :>Ke KOHe'IHOH 
HHTeHCHBHOCTH Tpeooaano oonee KpHTH'IHOH.H8CTpOHKH yc-
KOpHTeng, 
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PRe. 1. 3aaHeHMOeTb HHTeHeHBHOCTH yeKopeHHoro nyqKa 

OT apeMeHH yeKopeHHSI. 1 - eHeTeMa KOppeKUHH P3MJ1-1, 
HH*eKUHSI 6e3 MonynSIUHH 9HeprHH nY-20; 2 - nononHH
TenbHO BKniO'IeHa eHeTeMa KOppeKUHH P3MJ1-2 ( 6e3 MO

nynSITOpa 9!1eprHH); 3 - eeeTeMa KoppeKUHH P3MJ1-2 
e BKniO'IeHHbiM MonynSITOpOM 9HeprHH; 4 - T9Mn noTepb 
'laeTHU npH ManoA HaqanbHOA HHTeHeHBHOCTH. 

npH HH*eKUHH KaK e pa3rpynnepoaaTeneM (6e3 Mo
nynSIUHH 9HeprHH) 1 T aK H 6e3 Hero, . e poeTOM 'IRena 'lae

THU B KBa3H6eTaTpOHHOM pe*HMe eoOTBeTeTBeHHO B03pa
eTano 'IHeno qaeTHU1 3aXaaqeHHbiX B yeKopeHHe, HO npH 
9TOM B03paeTanH TaK*e noTepH qae~HU Ha HaqanbHOM 9Ta
ne yeKopepHSI H KOHeqgag HHTeHeHBHOeTb OeTaBanHeb Ha 
YPOBHe 2to2,5x10llnpoT/HMn. (pRe. 1). 
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B eBSI3H e 9THM, 6onee imaTen&Ho, 'leM 9To nena
noe& paH&we, 6binH npoaeneHbl 9KenepHMeHTbi no H3y'leHHIO 
BnHSIHHSI npOeTpaHeTBeHHOr9 38pstna H8 orpaHH'IeHHe HH
TeHeHBHOeTH yeKOpeHHOrO ny'IK8 B KOn&Ue eHHXpO~a30TpO
Ha. Yna'IHbiM HHeTpyMeHTOM nnst H3y'leHHSI 9THX npouee
eoa SIBHnHeb KBapueabie nonynpo3pa'IHbie MHWeHH, yeTa
HoaneHHbie Ha yqaeTKe HH*eKUHOHHOrO Tp8KT8 HH:lKeKTOpa 
nY-20. Bbino yeTaHoaneHO, 'ITO 9TH MHWeHH ( HX Ha 

yqaeTKe HH*eKUHOBHOrO TpaKTa 4) npH HaaeneHHH Ka*nOA 
HB ny'IOK yMeHbW810T HHTeHeHBHOeTb HH*eKTHpyeMoro 
ny'IKa npHMepHo a naa pa3a 6e3 H3MeHeHHSI npyrHx xa
paKTepHeTHK ny'IKa • 

MeTonHKa 9KenepH MeHTa no H3y'leHHIO anHSIHHSI npo
eTpaHeTBeHHoro 3apstna 3aKniO'Ianae& a enenyiOmeM. HH
*eKUHSI H aneKTpOHHKa, ynpaanstiOillaSI npoueeeaMH yeKope
HHSI, HaeTpaHaanHeb T8KHM o6pa30M 1 'IT06bi nony'IHTb 
B KOn&ue eHHXp0~830TpOHa M8KCHM8nbHYIO HHT9HCHBHOCTb 
ycKopeHHoro ny'IKa npH xopoweA cTa6HnbHOCTH. 3aTeM 
npoaonHnHCb H3M9peHHSI KOnHqeeTBa 'IBCTHU B KB83H6eTa

TpOHHOM pe*HMe ( N~),KonH'IeeTao 'laCTHU, 3axaaqeHHbiX 
B CHHXpOTpOHHbiA pe*HM yCKOpeHHSI (N3 )H 'IHCnO 'laC-
THU, ycKopeHHbiX no 100 MCeK(Nioo ).nocne 9Toro Ha 

y'laeTKe TpaHenopTHpQBKH HH*eKTHpyeMOrO ny'IK8 nocne
noaaTenbHO aaonHnac& nonynpo3pa'IHbie MHWeHH H Ka*nbiA 
pa3 fl3MepstnHCb 9TH *e napaMeTpbi ny'IKa. TaKoro pona 

H3MepeHHSI npoaonanac& a nayx pe*HMax KoppeKUHH aeny
mero MarHHTHoro nonst: 

a) BKniO'IeHa TOnbKO CHCTeMa KoppeKUHH 'n" P3MI1-1; 
6) BKnJO'IeHa CHCTeMa KOppeKUHHD "P3MH-1 H P3M11-2. 
Pe3yn&TaTbi 9Toro 9KCnepHMeHTa npencTaaneHbi Ha 

pHC. 2. I13MepeHHSI fiOKa3biBaiOT, 'ITO B CHHXp0~830TpOHe 
0J1.HJ1 C BKniO'IeHHOA pa6o'leA CHCTeMOA KOppeKUHH noKa-
3aTenSI nonst P3M11-1 orpaHH'IeHHe HHTeHCHBHOCTH ycKo
peHHoro nyqKa H8CTynaeT npH KOnH'I9CTBe '18CTHU 

2,5xl011 npoT /eMn (KpHBaSI 3 Ha pHC. 2). Llan&HeAwHA 
pOCT 'IRena '18CTHU B KB83H6eTaTpOHHOM pe*HMe npHBO
nHT K O'leHb MenneHHOMY pOCTy HHTeHCHBHOCTH yCKOpeH
Horo ny'IKa, XOTSI 38XBaT B pe*HMe ycKOpeHHSI pacTeT
nHHeAHO C poeTOM qHcna '18CTHU B KBa3H6eTaTpOHHOM 
pe*HMe, T.e. orpaHn'leHne HHTeHCHBHOCTH ycKopeHHoro nyq
Ka npOHCXOnHT B CHHXpOTpOHHOM pe*HMe ycKopeHHSI. 
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Puc. 2. 3aaHCHMOCTb HHTeHCHBHOCTH ycKopeaaoro nyqKa 
H TeMna llOTepb OT qucna qaCTHU, UHpKfnHpy!OlUHX B KBa-
3H6eTaTpOHHOM pe>I<HMe npH pa3nHqHbiX KOppeKUHSIX 'n" 
Marauraoro nonSI. KpHBbre 1,3,5 - anSI KoppeKUHH 'n "c cu
creMoii P3M11-1; 1 - anSI t = 3 MeeK; 3 - anSI t = 
= 100 MeeK. KpHBbre 2,4,6 - anSI KoppeKUHH 'n" c eucre
MOB: P3M11-1 H aononauren&Hoii cucTeMoii P3M11-2; 
2 - anSI t = 3 MCeK; 4 - anSI t = 100 MCeK. 

flpH BKnJOqeHHH aononHHTenbHOH CHCTeMbi KOppeKUHH 
P3M11-2 ypoaeHb orpBHHqeHHSI HHTeHCHBHOCTH B CHHXpO
TpOHHOM pe*HMe cymecraeaao caauraeTCSI a o6nacr& 
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6on&wux saaqeaua sapsraa uupKynupy10wero nyqKa. 11H-
TeHCHBHOCTb ycKOpeHHoro nyqKa B 3THX 3KCnepHMeHTBX 
6hma aoaeJ;teHa ao 8.10 npor/HMn. (eM. KPHBYIO 2 puc.l 
H KPHBYIO 4 pHC. 2). 113 KpHBbiX 5 H 6 pHC. 2 BHJ:tHO, qro 
yeenHqeHHe HHTef:CHBHOCTH yCKOpeHHOrO nyqKa npH BKniO
qeHHH aononauren&aoa CHCTeMhl KoppeKUHH caSisaao 
B OCHOBHOM C pe3KHM CHH*9HH9M norepb nyqKa B npOUeC
ce ycKopeHHSI. flpu aToM aa6n10aaercSI cna6aSI saeucH
MOCTb norep& nyqKa or Konuqecrea qac THU. saxeaqeaHhiX 
B CHHXpOTpOHHbiA pe*HM YCKOpeHHSI ( KpHB8SI 6) • B ornuque 
or cnyqaSI. Koraa pa6oTaer ron&Ko CHCTeMa KoppeKUHH 
P3M11-1 (KpHB8SI 5). 

11 HTepeCHO OTM9THTb 0 qro npH ManoA: HHTeHCHBHOCTH 
ycKopeaaoro nyqKa norepH qacTHU cpaeauren&Ho Manhl 
H npHMepHO OAHH8KOBblo K8K npH pa6oTe TOnbKO CHCT9Mbl 
P3M11-1. TaK H npH pa6ore c aononHHTen&HbiMH KoppeK
UHSIMH OT CHCT9Mbl P3M11-2 (puc. 1 , KpHB8SI 4). TaKH M 
o6pa30Mo XOJ;t KpHBOA: 5 o6ycnoeneH, C OJ:tHOII: CTOpOHbi, 
J;teA:CTBHeM npOCTp8HCTB9HHOrO 38pstaa npH 6onbWHX HHTeH
CHBHOCTSJX B YCKOpSieMOM nyqKe H, C apyroll: CTOpOHbi, 
HCK8*9HHSIMH B aenyWeM MarHHTHOM none Ha HaqanbHOM 
arane ycKopeHHSI, Korophre pa6oqaSI KoppeKUHSI P3MI1-1 
He KOMneHCHpyeT. 

3KcnepaMeHT noKa3an, qro npa BKnJOqeHHH aononauren&
HOA: KoppeKUHH oqeH& cylUeCTBeHHoe BnHSIHHe H8 nOBblW9HHe 
HHTeHCHBHOCTH yCKOpeHHOrO nyqKa OK83hlBaeT BBeJ;teHHe Ha 
pa3nuqahrX paauycax a3HMyran&HhiX rapMOHHK noKa3arenSI 
'n "H ero npOH3BOJ;tHbiX, KOTOpbie KOMneHCHpy!OT cyweCTBYIO
lllHe B M8WHHe 83HMyTanbHhl8 HCK8*9HHSI 3THX napaMeTpOB 
Marauraoro nonSI. 

Ha pHc. 3,4 noKa3aHhi aKcnepHMearan&Ho nonyqeHHhle 
3HaqeHHSidN B 38BHCHMOCTH OT paaHyCa J;tnSI 4 KBaJ;tpaHTOB 
KOn&ua YCKOpHTenSI J;tnSI cnyqaSI OnTHManbHOA H8CTpOAKH 
J;tOnOnHHT9nbHOA: KOppeKUHH Ha M8KCHMYM TOK8 ycKopeHHOrO 
nyqKa. L1 n - eenaquaa no6aBKH K noKa3arenJO Marauraoro 
nonSI, 3anaHHOMy pa6oqHMH KOppeKUHSIMH'n" OT CHCT9Mbl 
P3M11-1. Ha puc. 3L1n noKa3aHa nnSI MOMeHra aaqana 
CHHXpOTpOHHOrO pe*HM8 YCKOpeHHSI, Ha pHCo 4 - COOTB9T
CTB9HHO no acreqeHHH 30 MCeK yc KopeHHSI. H3 puc. 3,4 
BHJ:tHO, qTO L1 0= f(r) H3M9HSI9TCSI BO apeMeHH. 
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PRe. 3. 3aa<JeHHSI L\n a 3BBHeHMOCTH or paAHyea, AnSI 
4 KBBApBHTOB B Haqan&HhiA MOMeHT yelopeHHSI ( t = 0 ) . 

Aaana3 KpHBhiX pae. 3,4 no B3HMyran&HhiM rapMOHHKaM 
ABeT B03MO}KHOeTb BhiAenHTb 1-yiO, 2-yiO H T.A. 83HMy
ran&Hhle rapMOHHKH L\ 0 B 3BBHeHMOeTH OT f 1 a TBK}Ke 
a3HMyran&Hhie rapMOHHKH npoH3BOAHbiX or L\ n. B Ka<Jeerae 
npHMepa Ha pHeo 5,6 nOKB3BHbi l-SI, 2-SI, 3-SI 83HMyran&
Hhie rapMOHHKH L\ n AnSI pa3nH<JHbiX paAHyeoa KaMepbi ye
KoparenSI, Koropble nocrpoeHbi no KpHBbiM pHe. 3,4. 
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P11e. 4. 3aa<JeHHSI L\n a 3aaaeHMoerH or paAayea AnSI 4 
KBBApBHTOB noene 30 MeeK yeKopeHHSI ( t = 30 MeeK), 

TaKHM o6pa3oM, eHereMa P3MH-2 no3aonSier aaeera 
B none yeKOpHrenSI npoerpaaeraeaao-apeMeHHbie a3HMyran&
Hhie rapMOHHKH L\ 0 1 L\n' 1 L\ 0, H T,A, 1 KOTOphie KOMneHeH
pyiOT cymecrayiOlliHe a yc Koparene HCKa}KeHHSI nonSI, H reM 
CBMhiM nOBbiCHTb npeAen&HyiO HHTeHCHBHOCTb ycKopeHHOrO 
ny<JKa. 

CneAyer 3aMerar&, qro AnSI Maraara CHHxpo$a3orpo-
aa OHH.H oco6eaao aa}KHO HMer& ra6KyiO cHcr eMy KoppeK-
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uun MarHHTHoro nong H no .llpyruM ero napaM eTpaM 

( 83HMyTanbHOA: 8CHMM9TpHH 1 M9,llH8HHOA: nnOCKOCTH) 1 

T.K. KB8.llp8HTbl M8rHHT8 HM910T OOnhWHe reoMeTpH'IeC

KHe H MarHHTHbl9 HCK8)1{9HH51 /2/, 
nollOOpOM KOppeKUHA: An MarHHTHoro nong H OUTHMH3a

uueA: p9)1{HM8 HH)I{9KllHH B OUHCbiB89MbiX SKCnepHMeHTax 

y.llanOCb yaenH'IHTb HHTeHCHBHOCTb yCKOpeHHOrO fiy'!K8 

CH8'1ana .llO 1,1.1 0 l2 npoT/HMU, a 38 TeM R .llO 

1,5.1012 npoTIHMn, • .llDB8.ll51 UOTepH '18CTHU B nocne,llH8M 

cny'lae .llO 40% OT 'IHCna '18CTHU, 38XB8'18HHbiX B CHHXpo

TpOHHbiA: pe~M ycKopeHH51 (puc. 1, Kpaaag 3). B STHX 

nocne,llHHX SKCD9pHM9HT8X npH H8CTpOA:Ke p9)1{HM8 HH)I{9K

UHH ucnon&aoaanc 5I paarpynnupoaaTenh c MO.llynRTopoM 

sueprnH /3/, KOTOpbiA: noaaonReT aanonnaT& KaMepy B Mo

MeHT HH)I{9KUHH '18CTHU8MH C M&nbiMH H8'18nbHbiMH 8MfinH

TY.ll8MH pa.lluan&HbiX cao6o.llHbiX Kone6anHA. Kax 6y.lleT 

fi0K838HO HH)I{8 0 T8KOA pe)I{HM HH)I{9KUHH C,YW8CTB9HHO 

CHH)I{88T HHKpeMeHT H8p8CT8HH51 Konef5aHHA: '18CTHU 

BZ -HanpaaneHHH npa npOX0)1(,ll9HHH paOO'IeA: TO'IKH ny'IK8 

of5nacTeA: Ofi8CHbiX pe30H8HCOB Ha .llHarpaMMe '18CTOT. 

AnanHa sKcnepuMeHTan&HbiX .llaHHbiX noKa3biBaeT, 'ITO 

cywecTayiOwHe noTepu 'laCTHU B npouecce ycKopeHH51 

B canxpo!J!aaoTpone OIHU1 MO)I{HO no.llpa3.llenHTb na .llBa , , 
Knacca: nepBbiA: HMeeT MeH&WHA TeMn H 6on&myiO .llnHTen&-

HOCTb, OH npucyTCTByeT, 4JaKTH'I9CKH Mano H3M8H5151Cb
1 

H npH ManoA: H8'18nbHOA HHTeHCHBHOCTH ny'IK8 (pHCo 1). 

B Ha'lan&noA 'laCTH ycKopeHH51 cKopocT& STHX noTep& 

HeCKOnbKO BbiWe, 38T9M TeMU M e,llneHHO CHH)I{89TC 51i 

B CYMMe .llBHHbiA Knacc fiOTepb npHBO.llHT\npHMepHO 

K 30-50%-HI>IM noTep51M HHTeHCHBHOCTH ny'lxa. Mo)I{HO 

C.llenaTb npe,llUOn0)1{9HHe, 'ITO STH UOTepH CB5138Hbl C 4Ja-

30BbiM .llBH)I{9HH8M 'laC THU B cenapaTpHCe H M8M9HHOA: 

p8CK8'1KOA: 4J&30BbJX KOnef5aHHA: C nocne.llyiOIIlHN BbiXO.llOM 

'18CTH '18CTHU H3 cenapaTpHCbl 38 C'19T myMOB B CHCTeMe 

ycKopmowero nanp51)1{9HH51. Hay'leHHe sTux noTep& a cee

.ll9HHe HX K MHHHMYMY - 38.ll8'18 nocnellylOIIlHX. SKCnepH

M8HT8nbHbiX HCCn9llOB8HHA:. 

BTopoA: Knacc noTep& no51BnHeTC51 nHw& npu 3HB'IH

Ten&noA: HHTeHCHBHOCTH ny'IKa Ha OpOHTe (N > 2.10 II) 
H npHBO.llHT K pe3KOMY CHH)I{8HH10 HHTeHCHBHOCTB H8 aa-
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PHc. 5. A3BMYT8n&HI>Ie rapMOHHKH An .lln51 3 aaa'leaBA 

pa.llnyca ycKopuTeng B aa'lane npouecca ycKopeHH51(t=0). 

'lan&aoA: 'laCTH ycKopeHHH (.llo 100 Mcex). Ha sxcnepHMen

TOB BH.llHO, 'ITO 4JBKTH'I8CKH STB fiOTepB COCp8.llOTO'I8Hbl BO 

BpeMeHB HB C8MOA HB'IanbHOA: CTS.llHB nocne 4JopMHpOB8HH51 

cryCTK8 (3-20 MCeK) H T8Mfi HX pe3KO B03p8CT89T 

C yBenB'I9HHeM HHT9HCHBHOCTH ny'IK8 B KB83H08T8Tp0HHOM 

p8)1{BM8 (pH C. 1, KpHB851 1 ) • 
Uen& aacT0511Ilero uccne,lloaaaag aaxniO'IaeTC51 B BbiHc

HeHBH npOHCXO)I{,ll9HH51 BTOporo Knacca UOT9pb H paapaf50TK8 
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Puc. 6. A3HMyTanbHbie rapMOHHKH A n nnsr 3 3Ha'leHHA 
panuyca ycKopuTensr nocne 30 MeeK yc\wpeuusr ( t = 30 MeeK). 

sJCcnepuMeHTanbHbiX MeTOllOB ux nonasneuusr. npennono>Ke
uue, KOTopoe ecTec Tseuuo cnenaTb, 3aKmoqaeTcsr B TOM, 
'ITO scnencTsue uecosepweucTsa MaruaTuoro nonsr ycKopu
Tensr, pe30HaHCbl 3-ro H 4-ro nopSillKOB, HaXOllSIIUHeCSI B 
OKpeCTHOCTH Bbi6paHHOA no OllHO'!aCTH'IHOA TeOpHH pa6o
qeft TO'IKH YCKOpHTenSI ( 0 = 0,65 ),MoryT o6nanaTb llOCTaTO'I
HOA cunoA. npu 3Ha'IHTenbHOA HHTeHCHBHOCTH ny'IKa 
BCnellCTBHe KynOHOBCKOrO CllBHra 'laCTOT 6eTaTpOHHhlX 

14 

i.t. 

KOne6aHHA pa60'IaSI TO'IKa CMewaeTCSI1 npH'IeM BenH'IHHa 
9TOro CABHra MO>KeT 3aBHCeTb OT BpeMeHH. BcnellCTBHe 
9TOrO MOryT nepeceKaTbC Sl, B TOM 'IHCne MHOrOKpaTHO, 
pe30HaHCHbie nonOCbl, 'ITO H npHBOllHT K paCKa'IKe KOne-
6aHHA 'laCTHU H noTepSIM HX Ha CTeHKaX KaMepbi. K pac
CMOTpeHHIO 9Toro npouecca Mbi H nepeAneM. 

2. HeKorepeHTHbiH CLIBHr qacToT 6eTaTpOHHhlX 
KOne6aHHH 

B ycnosnsrx cuuxpolj:la3oTpoua { cpaBHHTenbHO Manasr 
sueprusr HH>KeKUHH) uau6onbwee 3Ha'lenue HMeeT HeKorepeHT
HbiH CLlBHr 'laC. TOT 6eTaTpOHHblX KOne6aHHH 1 Bbi'IHCneHHeM 
KOTOporo Mbl H 3aAMeMCSI. 

06o3Ha'IHM 'lepe3 2L - nnuuy KaMepbi, 2h - ee BbiCo
Ty, ny~oK 6yneM npeAnonaraTb HMeiOWHM snnunTH'IeCKOe 
nonepe'IHOe ce'leuue c nonyocsrMH a -6onbwasr ( r -uanpas
neuue) H b -Manasr (z -uanpasneuue). 4laKrop rpynnnpoBKH 
ny'IKa o603H8'1HMB. 

T aK KaK B uaweM cny'lae •L >> h, xopowy10 TO'IHOCTb 
npH Bbl'IHCneHHSIX 06ecne'IHBaeT MOLienb· KaMepbl B BHlle 
llBYX 6eCKOHe'IHbiX npOBOllSIWHX nnaCTHH Ha paCCTOSIHHH 
2h, Me>KllY KOTOpblMH pacnono>KeH ny'IOK. Pace TOSIHHe 
M9>KllY noniOCaM H MarHHTa, KOTOpbie TaK>Ke 6yneM C'IHTaTb 
6eCKOHe'IHO 6onbWHMH, o6o3Ha'IHM 2g. Torna, B npeLino
no>KeHHH, 'ITO pa3Mepbi ny'IKa ropa3llO MeHbwe 2h , Ky
nonoBCKHA HeKorepeHTHbiH CllBHr 'laCTOT 6eTaTpOHHbiX 
Kone6auuA MO>KeT 6biTb Bbi'Iucneu no cnenyiOWHM <flopMy
naM /4/: 

r R N A v, = - P 11- a (a+b) [ 2 2 b2 
77B,B2y3a(a+b)v, h2 El(l+B,B Y )+£2j2B,B

2il J. (1) 

Av =- r, R N (1 b(a+h) 2 2 h 2 
z rrB,B2y2b(a+b)v +~LEI(l+B,B ·Y) +E2-B,B

2 /l J. (2) 
z g~ 

3necb N- 'IHCno 'laCTHU, 3axsa'leHHbiX B pe>KHM ycKo
peuusr ( 'IHCnO 'laCTHU B cryCTK.e) 1 

r, e~ . · -l"-
---2 = 1,53.10 'CM1 
Mt: 
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R - cpeAHHA paAHYC ycKopuTenSI. 

172 17 2 
E I = 48 ' £2 = 2'4 • 
llepBbie 'lneHbi B $nrypHbiX CK06KSX B (1) H (2) onpe

AenSIIOTCSI co6cTBeHHbiMH aneKTpuqecKHM H iMarHHTHbiM 

nonSIMH ny'IK8 H H8nHC8Hbi B npeAnOnO:lKeHHH, 'ITO nnoT

HOCTb 3apSIJla H TOKa B nonepe'IHOM ce'leHHH annunca 
a, b nOCTOSIHHa. t{neHbi C E 1 CBSI38Hbi C aneKTpH'IeCKHMH, 

a qneHbi C E2 - M8I'HHTHbiMH nonSIMH H306pa:lKeHHB~ 
BbiSICHHM, 'ITO H3MeHHTCSI a aTHX 4JopMynax, ecna 

pa3Mep ny~a aenb3SI C'IHT&Tb ManbiM no cpaaaeHHIO c Ka- • 

MepoA. B cna6o$oKycupyi01IlHX Mawuaax, B 'laCTHOCTH, 

CHHXpo4Ja30TpOHe, H8 H8'18nbHOA CT8AHH YCKOpeHHSI pa• 

AH8nbHbiA p83Mep ny'IK8 cpaBHHM H A&:ll<e 60nbWe 2h. 
Baaqane oueHHM BnHSIHHe aeoAHOPOAHOro pacnpeAene

HHSI nnOTHOCTH B nonepe'IH9M Ce'leHHH ny'IK8 H8 nepBble 

qneHbi B {1) H (2). OueHKY nony'IHM H~ npHMepe xpyro

aoA $opMbi nyqxa, npuqeM npeAnono:lKHM, 'ITO nnoTHOCTb 

38pSIJla H TOK8 H3MeHSieTCSI no rayCCOBOMY 38K0Hy 1 T.e. 

HanpHMep, AnSI nnOTHOCTH 38pS11l8 3anHCbiB8eM! 

p(x) =Poe 
-x2/a2 

x 2 = z 2 + (r-.R) 2 • 
(3) 

O'leBHAHO, Po npocro CBSI3aHa c nuHeAHoA nnoTHOCTb~ 

38pS11lOB B ny'lxe: 

oo -x2fa2 
o = 217 p0 f e · x d x = 17 Po 

0 

-2 
a ' a «h. (4) 

BenH'IHHai , O'leBH.IlHO, npeACT aanSieT co6oA a4MjleXTHBHblA 

pa3Mep ny'lxa. Tenepb MO:lKeM HaATH anexTpH'Iecxoe 

none H ero rpaAHeHT: 

· 1 x -il/i2 2o 2 -2 
Es"'.477p0- ( xe dx =--(1-x /a ) , 

x ~ x· . 
(5) 

dE x 2o [ _.} /&2(
2 

11'2) --=- e +-
dx i2 x2 

-2 
_!__] 

x2 
(6) 

1.6 

llOCKOnbKY rp&AHeHT nonSI Tenepb 38BHCHT OT X , BenH

'IHHS CABHI'S TSK:ll<e MeHSieTCSI no Ce'leHH 10 ny'IKS. 

n 
_ d~ 2o 

pH x << a -d-- - --- H HeTpyAHO y6eAHTbCSI, 
X a2 

'ITO AnSI CABHI'S nonyqaeM Bbipa:lKeHHe B BHAe ABYX 

nepBbiX qneHOB B ( 1 ) H (2), nOCKOnbKY B aTOM cnyqae 

E , -2 
2 2 e x R 

!l v r = !l "z = - 2 2 -
MC f3 y 

CywecTaeaao uaoil: pe3ynhTaT nony'laeTCSI AnSI 'lac THU 

B6nH3H nepu4JepHH ny'IK8 1 T.e. npH X .. a· 113 (6) BHJlHO, 

'ITO I'p8JlHeHT nonSI yMeHbW&eTCSI H paBeH 

dEx . 2o 3 2o 
crx-- I x-; = a:r< e - 1 > - o,1 ~ . (7) 

T aKHM o6pa3oM, AnSI ny'IKOB c HeOJlHOpOJlHbiM pac

npeJleneHHeM '18CTHU no ceqeHHIO CJlBHI' '18CTOT 38 C'leT 

C06CTBeHHOI'O nonSI ny'IK8 JlnSI '18CTHU H8 nepH4JepHH cy

lileCTBeHHO MeHbWe, 'leM B UeH'tpe H no ( 1) H (2), }lnSI 

rayccoaa pacnpeJleneHHSI MeHbwe Jla:ll<e aa nopSIJlOK ae

nH'IHHbi * . HeTPYJlHO noKa3aTb, 'ITO AnSI ny'IKa c annunTH

qecKoil: 4JopMoil: ceqeHHSI aToT pe3ynbTaT coxpaHSieTCSI. 

Tenepb paccMoTpHM annSIHHe KOHeqaoro pa3Mepa 

nyqKa aa nonSI H3o6pa:lKeHHSI. C'IHT8Sl, 'ITO nnoTHOCTb 

pacnpeJleneaa no ceqeHHIO paaaoMepao, nony'IHM oueHKY 

M8KCHManbHOI'O BnHSIHHSI, T.K. SICHO, 'ITO }lnSI cna}l8IOWero 

K Kp8SIM pacnpe}leneHHSI nnOTHOCTH H TOK8 a4J$eKT 6y}leT 

MeHbWe ( a$$eKTHBHbiil: pa3Mep K8K 6bi yMeHbWaeTCSI). 

llyCTb H306pa:lKeHHSI 38pSIJl8 B ·CTeHK8X KaMepbi (H306pa

:lKeHHe TOKa coeepweHHO aaanoruqao) npeJlCT aenSIIOT 

co6oil: COBOKynHOCTb nonoc WHpHHOil: 2a H npeae6pe:lKHMO 

ManoA Bb!C OTOil: C nnHeil:aoil: nnOTHOCTbiO 38pSIJl8 o= 2e17
NR • 

QqeBHJlHO, 9TH H306pa:lKeHHSI pacnono:lKeHbl CHMMeTpH'IHO 

* TaKHe :ll<e aecno:lKHbie Bbi'IHCneHHSI noKa3biBaiOT, 'ITO 

·JlnH 6onee nonororo pacnpeJleneHHSI BHJla p = ---E. 
1 + x2/ a2 

(pacnpeJleneaHe flopeaua) Koa$$nuneHT yMeHbWeHHSI CJlBH-

ra aa KpaiO ny'IKa no cpaeaeHHIO c uearpoM paeeH 1 -fn 2 , 
T.e. 0,31. 
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OTHOCHTen&HO UeHTpa K8M9phl Ha paCCTOHHHHX OT Hero 

± 2h , ±4h u TaK Jlanee. 
Bbi'IHCnHM Ex H E z cocTaBnHIOillHe aneKTpuqecKoro 

nong B TO'IKe C KOOPJlHH8T8MH X, Z OT OJlHOA nonoc bl 

C HOMepOM k (aTO 3H8'1HT, 'ITO ee pacCTOHHHe OT U9HTpa 

KaMepbi paanoZ'=2hk ). Tor}la HMeeM 

k k 2 2 
u(-1) +a x- x ' , (-1) u (x+a) +(z-2hk) 

Ex = a-_J(x-x ')2 + (z-z ')£. x =2il"fn(x-a) 2+ (z-2hk)2'(8) 

XJO. 

AnanorH'IHO 
~ 

k+lu X+a x-a) 0 E =(-1) -(arctg-- - arctg-- , z~ . 
z a z-2hk z-2hk 

(9) 

ll 
. dEs 

anee MO>KHO Bbi'IHCllHTb rpaJlHeHTbl nong d H 
dEz X 
~, onpeJlenHIOillHe Cll.BHru 'laC TOT Kone6anuA. CooTaeT-

CTBYIOillHe Bblp8>K9HHB OK83hiB810TCH cflyHKUHHMH KOOpJlHH8T 

'18CTHUhl B ny'IKe, T8K >Ke, K8K H paHbllle npu y'leTe 

HeOJlHOPOilHOCTH nnoTHOCTH. OnycKaB cooTBeTCTBYIOillHe 

HeCllO>KHhle Bbi'IHC119HHB, npHB9/l9M peayn&TaT. Bhl'IHCneHHSI 

KoacflcfluuuenTa £1 a uenTpe ny'IKa u JJ.a KpaiO ( z = 0 
X=0 HX= a ). 

TaK KBK aapBJlbi nap uao6pa>KenuA 'lepe/lyiOTCB anaKoM, 

llnB CllBHra nonyqaeTCB 3HaKonepeMeHHhlA PHil: 

t 1!x=O 
Z=O 

2 1 1 1 "2 a2 I 4h2 
= h [ 2 . 2 - 2 2+ :r:;'L.lf""""J:,-- . (10) 

a +4h a +16h. a +j()lf" 48 4(1 a2 ) 
I +4h2 

npu nony'leHHH nocne}lHero npu6nH>K9HHOrO paaeHCTBa 

npene6pe>KeHO M81lbiMH '1119H8MH 1 fiOCKOllbKY C 'IHT89TCB
1 

'ITO a< 2h. 

18 

Ha KpaiO ny'IKa peayn&TaT TaKoA: 

l' . h2 Jlx=a = - [ 1 
z=O 4 

1 
-+ 
a2+'4h2 

1 
a2 + 9h2- ... ] (11) 

IT2 

48 

a2 1 ·1 1 "2 a215fil 
- '4h2 ( 1+a2fh2- :4(4+a21h2) + 9(9+8 2/hlj"" )- 48 -1+& 

CoaepllleHHO T8K)I{9 ( OTHOCHTen&Ho) MeHHeTCSI H K034J

cfluUH9HT £2 B ( 1 ) H (2). 3TH peayn&T8Tbl fiOK83biB810T, 

'ITO JlllH npOTH>K9HHOrO Ry'IK8 (a <2h)BK118/lbl noneA H306-

pa>KeHHB B . KyllOHOBCKHA C/lBHr '18CTOT YM9HbW810TCB, 

npu'leM a uearpe ny'IKa llnB a-2h npuMepHo a 2,5 paaa 

H 88 KpaiO - fiO'ITH B 6 pa3. C y'leTOM HepaBHOMepHOCTH 

fillOT HOCTH H306pa>KeHH g 3TO YM9HbW9HHe H9CKOJibKO 
M9Hbllle. 

nocKon&Ky Mbl Y'IHThlBaeM 3H8'1HTellbHbie pa3Mepbl 

ny'IKa, oco6enno a pa/luan&HOM Hanpaanenau, TeM 6onee 

Cll91lY9T RpHHHTb BO BHHM8HH9 B03MO>KHOe H3M9H9HHe 

'ISCTOT npu 6on&wux aMnnaTyllaX Kone6anuA H paa6poce 

MrHOB9HHbiX op6HT npu 8 = ~ Ia 0 • 
p 

EcnH a ny'IKe HMeercH aaMeTHhiA HMnyn&CHbiA paa6pde 

H ROK838Ten& nong CYill9CTB9HHO 38BHCHT OT p8/lHyca, TO 

npu 6eTaTpOHHhlX u pa/luan&Ho-cuaxpoTpOHHhiX Kone6anusrx 

'18CTHUhl nepHOilH'I9CKH ll0ll8Jl8IDT B o6naCTH npOCTpSHCTBa 

C pa3HbiMH R H, Cll9AOB8T911bHO, npu niOOOM 3H8'19HHR 

KyllOHOBCKOrO C/lBHra, B TOM 'IHClle H HyneBOM, npOHCXO/lHT 

pa3MbiTHe '18CTOT KDn908HRA '18CTHU B ny'IKe. 

llucnepCHIO '18CTOT L\ Vz , L\ Vr COOTB9TCTB9HHO MO>KHO 

np9JlCT8BHT b B BHJl9 Tpex OCHOBHbiX cnaraeMbiX: 

A~.z =- L\vla + L\ v 1~ , , +L\ vI , 2 • o,n ,n n ,a 
r,z 

( 12) 

3Jl9Cb nepBhlA 'lneH OfiHChlB8eT BnHHHHe npHMOA 38BHCH

MOCTH R OT p ( OH OTnH'IeH OT HyllB H npu n(r) =. COOSt ) , 

BTOpOA 'lneH CBB38H C H3MeHeHHeM MrHOB9HHbiX OpOHT npH 

H3MeHeHHH p R oTnH'IeH OT ayns npH n ( r) Ia const. TperuA 

cflaKTR'IecKH npe/lCTaanseT co6oA CllBHr qacToThi, Y'IRThl

BaiOillHA KOH9'1Hhle aenH'IRHbl 8MfillHTYil 6eTaTpOHHbiX KOne-
6aHHA ar H 8z npu n'la 0. 

Haaoe Bhipa>KeHHe arux aenH'IHH MO>KHO naATH, nanpu

Mep, B lsi , 3Jl9Cb Mbi BblfiHWeM llHWb cflopMynbi llnB BTO

poro cnaraeMoro a ( 12), HM9101llero llllH nocnellyiOmero 

ananaaa HaH6on&wee 3Ha'leHue: 
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do v r 

110 vz 

/ 

n & !!_ (1 + ..!!..) 
p 2 RM -:a 

A.L R (1 +_:B._) 
p 2 RM 

r 

n' 
Jl 2 Jl 

r z 

(13) 

3AeCb R - cpeAHHH paAHYC ycKopHTenSI, .RM- MarHHTHbiil 

, d n " ~2 , ~ 2 , 2 
paAHYC n = -d •• neHbi nopsmKa u n , u n cymecTBeHHbi , r 

B ( 13) nHWb npH n '=0, OHH OKaSbiBaiOTCSI npH aTOM nopSIA

Ka nepeoro H TpeTbero cnaraeMbiX B ( 12). 
3aMeTHM 1 'ITO AnSI BenH'lHH /10 Vr 1 /10 Vz BbinOnHSieTCSI 

COOTHOllleHHe /10 ( "112 + v 2 ) =0 , Toe. npH KOneoaHHSIX 'laC-
r z , 1 THU AHCnepCHSI Vr , Vz Sa C'leT 8, 0 'F 0 Ha AHarpaMMe 

qacTOT npoHCXOAHT no KacaTenbHOH K OKPY*HOCTSIM, KOH

ueHTpH'!ec KHM c pa6o'letl OKPY*HOCTbiO ycKOPHTenSI 

v2 +v 2 = R /R . 
r z M 

3. HsMeHeHHe pa6oqeH: TO'IKH ycKopHTena 

B npouecce ycKopeHHR 

BenH'lHBbi, onpeAenSIIOWHe AHCnepcHIO 'lacToT 6eTaTpoH

HbiX Kone6aHHH qacTHU B ny'lKe, onpeAeneHHbie BbiWe, He 

OCTaiOTCR noCTOSIHHbiMH B npouecce ycKOpeHHSI, a HSMeBR

IOTCR (yMeHblllaiOTCSI), npHtieM, KaK npaBHnO, K KOHUY 

yc KOpeHHR OHH CTaHOBRTCR npeHeope*HMO ManbiMH. CrycTOK 

'laCTHU C*HMaeTCR BO BCeX Hanpaenei1H RX npH SaTyXaHHH 

aMnnHTYA Kone6aHHil, 'ITO caMo no ce6e yeenH'lHBaeT 

COOCTBeHHble nons ny'!Ka, HO 6onee CHnbBbiM AeMn!~Jn
pyiOIIIHM npoUeCCOM RBnReTCSI KOMneHC8UHSI aneKTpOCTaTH

'leCKHX none A MarHHTBbiMH npH {3 -ol ( !IJaKTOP 1 I y 2 B 

!~JopM ynaX (1) H (2)), lloaTOM Y npH AOCTaTO'lHO 6onblliOM 

y Ba AHarpaMMe 'laCTOT ny'!OK SaHHMaeT O'leBb ManyiO 

o6nacTb - npaKTH'leCKH TO'IKY - aa pa6oqei\ OKPY*HOCTH 

ycKOPHTens. Ha aaqanhHOM aTane ycKopeHHR HS-sa Kyno
HOBC KOrO CABHra H AHCnepCHH 'laC TOT /1 v0 ny'IOK SaHHMaeT 

Ba STOH AHarpaMMe BeKOTOpyiO o6naCTb1 BHyTpH KOTOpOH 
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COBepwaiOTCSI CnO*Hbie ABH*eHHSI 'l8CTHU B npouecce 

CHHXpOTpOHHbiX H paAHanbBO-CHHXpOTpOHHblX Kone6aHHH, 

Hy*HO HMeTb B BHAY eme n HaqanbHhie Kone6aHHSI nnoT
aocTn B ny'!Ke, cessaHHhie c aaeprern'leCKHM pas6pocoM 

cenapa rpHChi, nponcxoASIIIIHM B Te'!eHne nepBhiX -.10 nepno

AOB CHHXpOTpOHHhiX KOne6aHHHo KaK fiOKaShiBaeT 9KCnepn

MeHT1 9TH KOne6aHHSI MOryT AOCTHraTb 20-30% OT cpeA

Hero SHa'leHHSI HaqanbHOH nnOTHOCTH ny'!Kao 

Hs CKaSaHHOrO RCH01 'ITO Ha nepBOH CTaAHH YCKope

HHR nOHRTHe paooqeft TO'IKH Ha AHarpaMM e 'laCTOT CTaHo

BHTCSI HeonpeAeneHHbiM1 HY*HO rOBOpHTb CKOpee 0 "pa-

6oqei\ o6naCTHw. TeM He MeHee, AnSI YAOoCTBa paccy*Ae

HHil Mbl BBeAeM nOHRTHe paoO'leH l'O'IKH KaK COBOKynHOCTH 

'laC TOT KOne6aHHH 'laC THUbi1 HaXOARIIIeHCR BonHSH UeHTpa 

nyq:Ka ( Ha paBHOBeCHOH opoHTe) • p eanbHOe CyiiieCTBOBaHHe 

TaKHX 'laCTHU SaBHCHT OT !~JopMbl pacnpeAeneHHR 'laCTHU 

B ny'!Ke no aMnnuTyAaM KOne6aHHH 1 'ITO B KOHe'lHOM 

c'leTe onpeAenseTcs pe*HMOM HH*eKUHH B ycKopurenb. 

B npouecce yc Kopeaus aTa pa6oqas TO'!Ka CMemaeTcs 

K pa6oqeH: OKPY*HOCTH ycKopnrenSI e, KaK 6bxno noscHeHo 

BhiWe, B npeAene 6onbWHX y eecb ny'loK Ha AnarpaMMe 

'laCTOT CTRrHBaeTCR K 9TOH TO'!Ke. 

nBH*eHHe onpeAeneHHOH TaKHM o6paSOM paoO'leH TO'IKH 

H KOneoaHHSI 'laCTHU B ny'!Ke BOKpyr Bee RBnSIIOTCR AHHa

MH'leCKHM npoueccoM, KOTOphiil onpeAenSieTcs HapacraHneM 

MaranTHoro nonSI ycKoperens n cooTBeTCTBeHHhiM yeenn

'leHneM aSHMyTanbHOH CKOpOCTH 'laCTHU. 3TH npH'lHHbi 

HSMeHeHHil Mbl HaSOBeM perynSipHblMH H B AanbHeHllleM HMH 

TonbKO u 6yAeM saHHMaTbCR, Cymec TBYIOT H Apyree 

MeXaHHSMbi HSMeHeHHR napaMeTpOB ny'!Ka, HanpHMep, no

TepH 'laCTHU H HSMeHeHHR aMnnHTYA KOne6aHHH npu pacce

SIHHH Ha OCTaTO'lHOM rase, noTepH npH npOXO*AeHHH peso
HaHCOB H T,A. * 

* EcTeCTBeHHo, 'ITO npH npoxo*AeHHH pesoaaHcoe 

BOSMO*Hbl9 nOTepH 'laCTHU OKaSbiBaiOT CYlii9CTBeHHOe BnHSI

HHe Ha TeMn CaMHX noTepb. 
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I 

AMnnHTYltbi paltHan&Ho-cHHxpoTpOHHbiX H 6eTaTpoHHbiX 

Kone6aHHA onpeltensnor nonepe'IHbie paaMepbi ny'IKa, npo

ltOn&Hbii!: paaMep (B) onpeltenSJeTCSI «PaaoabiMH Kone6aHHSI

MH. Mx 38TyX8HHe BO BpeMeHH BMeCTe C H3MeHeHHeM ~ 

H y H onpeltenSJeT ltBH*eHHe pa6oqelt TO'IKH H ltHCDepCHID 

'18CTOT BOKpyr Hee. 

BepTHKan&HbiA"(Z) paaMep ny'IKS ''b" onpel{enSJeTCSI 6era

rpoHHbiMH Kone6aHHSIMH 'ISCTHil. EcnH Ha'lan&HbiA paaMep 

0603H8'1HTb bo , TO H3MeHeHHe "b 'npOHCXOltHT cneltyiDUlHM 

o6paaoM: 

b = b:v .!!a 
H 

= bo v .!!JJ..!J! 
~y 

(14) 

ropH30HTanbHbiA pa3Mep a onpeltenSJeTC S1 He TOnbKO 6eTa

TpOHHbiMH KOne6aHHSIMH 1 H01 rnaBHbiM o6pa30M 1 HMDyn&c

HbiM paa6pOCOM B HH*eKTHpyeMOM ny'IKe, KOTOpbiA DpH 

ycKopeHHH DpHBOltHT K p8ltH8nbHQ-CHHXpOTpOHHhlM KOne6a

HHSIM. 0603H8'1HM 6eTaTpOHHYID '18CTb 8MDnHTYltbl Kone6a

HHA ai) H CHHXpOTpOHHYID a c H nonO*HM, 'ITO ropH30H

T8nbHbiA p83Mep DY'IK8 SIBnSieTCSI CYMMOA 3THX 8MDnHTylt 

a=a8 +ac (15) 

J13MeHeHHe ai) H3BeCTHO, OHO BHlt8 (14), 'ITO *e K8C8eT

CSI a c, TO 38KOH H3MeHeHHSI 3TOi!: aenH'IHHbl B o6meM cny

'lae ltOCTSTO'IHO cno*eH. Hac a ltSn&HeAweM 6ylteT HHTe

pecoaaTb Ha'lan&HbiA 9Tan ycKopeHHSI, HaH6onee HHTepec

HhlA C TO'IKH apeHHSI BnHSIHHSI KynOHOBCKOrO CltBHra, 

KOrl{a Y eme npaKTH'IeCKH Mano OTnH'ISeTCSI OT el{HHHilblo 

HanpHMep, B CHHXpo«PaaoTpOHe OCHOBHb~e DOTepH '18CTHil 

npOHCXOltSIT H8 DpOTSI*eHHH nepBbiX 100 MCeK yCKOpeHHSI, 

KOrlta none H H ~ yaenH'IHBSIDTCSI a ltBa paaa 1 TaK 'ITO 

1\oo_:. 0,4 H Yioo 1,1. 
B 9THX ycnoBHSIX H 6on&wHe H Manbie paltHan&ao-cHH

xpoTpoHHhle KOne6aHHSI 38TYX8IDT DpH6nH3HTenbHO OltHHaKo

BO ( npeltOOnaraeTCSI1 'ITO c/J S -CHHXpOTpOHH8SI 4laaa H V -
yCKOpSIIDmee H8DpSI*eHHe - DpH6nH3HTen&HO DOCTOSIHHhl): 

a ... a 
c co 
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i!JL 
~ 

(16) 

T SKHM o6pa30M1 H3MeHeaae paaMepa 'a'~ cornacao 

(15) 1 onpeltenSJeTCSI «PopM ynoA 

a = V ~0 ( aB 
~ 0 

+a co 
..; ilo ) 

~ 
( 17) 

H 38BHCHT OT COOTHOWeHHSI H8'18nbHbiX 8MDnHTylt aBo -6e

T8TpOHHbiX H ac0 -p8ltH8nbHO-CHHXpOTpOHHbiX KOne6aHHil:o 

~8KTOp rpynnHpOBKH 

B = c/Jmax - ¢min , ( 18) 
217 

rae R (¢max -¢min )=R~¢- YltBOeHHaSI aMnnaTyaa <flaaoabiX 

(cHHxpoTpOHHbiX) Kone6aHHft. Ha Ha'lan&HOM 9Tane ycKo

peHHSI 3TH KOne6aHHSI cymeCTBeHHO HenHHeAHbl ( ~ ¢ .. 1) 
1 

38KOH HX 3aTyX8HHSI onpeltenSJeTCSI H3 COOTHOWeHHSI 

2 
J (~¢) .. v a -1/r , (lB) 

y2 

rlte a - KOa«ii«PHilHeHT pacwapeHHSI op6HT ( ==--J.r) , J (~¢) -
HeKOTOp8SI «iiYHKilHSI ~ ¢. 0TCIOlt8 BHltHO, 'ITO npJ\ y ==Const 

38TYX8HHeM <fla30BbiX Kone6aHHA MO*HO npeHe6pe'lb. 3a

MeTHM, 'ITO 3TOT *e peayn&TaT cnpaBeltnHB H l{nSI MSnbiX 

«Pa30BbiX KOne6aHaft, DOCKOn&Ky l{nSI HHX 

~¢ - (a -1/y2 ) 1/4. 
y 

CneaoaaTen&H01 ltnSJ Ha'lan&aoro 9Tana ycKopeHHSI 

<f!aKTop B MO*HO C'IHTaTb nocTosiHHbiM. 

BpeMeHHoA XOlt K09«PPPHillfeHTOB £ 1 If £ 2 SJCeH ua «PopMYn 

( 10) H ( 11 ) , 'ITO K8C8eTCSI ltH«;:nepCHH '18CTOT ( 13) 
1 

TO ee H3MeHeHHe BO BpeMeHH onpeaenSJeTCSI 38TYX8HHeM 

ll2.11 H3MeHeHHeM.,n ~npH yMeH&weHHH aMnnHTYlt paltHan&Ho-p ' 
caaxpoTpOHHbiX Kone6aauft a npouecce ycKopeHHSJ: 

~8 11r,z = ~~ Jl 
u r,z 

~0 
lo-~-

n '(r) lac 

n'(r)l•co 
(20) 

23 



HraK, Mhi HMeeM renepb secb aeo6XOilHMhiA aaane
reqecKHA annapar nnB pacqera cnsura qacror Kone6a
HHA qaCTHU B nyqKe npH Bbi60pe KOHKpeTHbiX napaMeTpOB 
CHCTeMbl H AnB HAeHTH!lJHKBUHH DOTeHUHBnbHO OD8CHhiX pe30-
HBHCOB. 3ro 6yner cnenauo B cnenyrowell: pa6ore. 
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